The detection of protein-protein interactions through two-hybrid assays has 2 revolutionized our understanding of biology. The remarkable impact of two-3 hybrid assay platforms derives from their speed, simplicity, and broad 4
and biochemical approaches to test for interaction (BERGGARD et al. 2007) . 7
Genetic approaches, such as the two-hybrid assay (FIELDS and SONG 1989) , 8 facilitate large scale screening, so that diverse protein pairs and growth 9 conditions can be sampled (PARRISH et al. 2006; TARASSOV et al. 2008) . Two 10 hybrid assays are typically carried out in surrogate hosts S. cerevisiae or E. coli, 11 which use the universal genetic code. However, many organisms use 12 nonstandard genetic codes (KNIGHT et al. 2001) , making surrogate hosts 13 unwieldy for heterologous protein expression. This issue can be overcome with 14 a native host-based protein interaction assay, such as we describe here. 15 
16
The interaction assay we present is built upon properties of the highly conserved 17
Endosomal Sorting Complex Required for Transport (ESCRT). ESCRT 18
comprises 10 subunits, including Snf7/Vps32, that are transiently associated with 19 the cytoplasmic face of endocytic vesicles (reviewed in (HURLEY and EMR 2006) ). 20
ESCRT is dissociated through the action of the Vps4 ATPase; Vps4 defects 21 cause accumulation of ESCRT-containing vesicles called Class E compartments 22 (BABST et al. 1997 ; BABST et al. 1998; OBITA et al. 2007) . 23 cotransformed and plasmids were recovered and characterized. pJB300 and 1 pJB302 were utilized as both PCR templates using existing pFA6-directed 2 primers for genomic integration and as backbones for subsequent plasmid 3 constructions. Plasmids harboring PBS2, HOG1, SNF1 and SNF4 were 4 constructed using in vivo recombination into pJB300 and pJB302. Primers were 5 constructed to incorporate 1kb 5' upstream promoter (or, if necessary, just 3' of 6 any adjacent coding ORF) and the coding region of interest, less the stop codon. 7
Flanking overhang sequences (from primers '314 cloning F' and '314 cloning R' 8
[ Table 1 ]) were appended to gene-specific primers to allow subsequent 9 integration of PCR into NotI-linearized pJB300 or pJB302 by in vivo 10 recombination. Plasmids were retrieved and characterized as above. was constructed from plasmid pJB300 (see above) using two rounds of in vivo 22 recombination. First, using primers CaSNF7 F and CaSNF7 R, the complete 23 caSNF7 sequence lacking a start codon was amplified and inserted in place of 1 the GFP coding sequence. Second, using primers CaHIS1 F and CaHIS1 R, the 2 caHIS1 sequence was amplified and inserted into the CaSNF7 plasmid pJB401, 3 with the caHIS1 sequence completely replacing the Schizosaccharomyces 4 pombe his5+ sequence. The resulting plasmid pJB408 contains a 5' cloning site 5 with a unique NotI site; this site was subsequently used, in conjunction with a 6 homologous linking sequence appended to gene-specific primers, to direct the in 7 vivo recombination of fusions to SNF7. Genes were amplified with either 5' 8 sequence up to the neighboring gene, or 1kb, whichever was least. Thereafter, 9 using a unique NruI site in the CaHIS1 sequence, Snf7 fusions were targeted to 10 the chromosomal caHIS1 locus in the GFP+ (WT and ∆caVPS4/∆caVPS4) 11 strains isolated above. 12 These 8-bit grayscale images were corrected for background by subtracting the 7 most common pixel value, and then each image was stretched to 64 gray levels. 8
For each of these processed images, four gray level co-occurrence matrices 9 were calculated to measure horizontal, vertical, left-diagonal, and right-diagonal 10 nearest neighbor occurrences. 13 Haralick texture features were calculated from 11 each of these resulting matrices, and these features were averaged in the 12 horizontal/vertical and left-diagonal/right-diagonal directions, giving 26 with the idea that foci correspond to endosome-associated ESCRT complexes. 5
The fact that GFP foci depend upon presence of an interacting protein fused to 6
Vps32 argues that the Vps32 fusion protein targets the GFP fusion protein to the 7 endosome. 8
9
To determine whether VCI assays may be useful for other pairs of proteins, we 10 carried out a similar analysis of Pbs2 and Hog1. Once again, punctate GFP foci 11 were detected only in cells that expressed both Pbs2-GFP and Hog1-Vps32 12 fusions ( Figure 1D compared to 1C and supplemental figures A-D compared to 13 E-H), and were dependent upon a vps4Δ mutation (supplemental figures Q-X). 14 Formation of GFP foci was dependent upon interacting fusion proteins, because 15 no foci were observed when the vps4Δ strain carried Snf1-GFP together with 16 Hog1-Vps32, or Pbs2-GFP together with Snf4-Vps32 (data not shown). 17 Therefore, the VCI assay permits detection of protein-protein interaction for two 18 pairs of S. cerevisiae gene products that were known to exist in complexes. The VCI assay described here has proven workable for two protein complexes in 8 two organisms. We expect such a native host-based assay to be particularly 9 useful in C. albicans because of its nonstandard genetic code and the lack of any 10 other genetic protein-protein interaction test at present. The assay requires only 11 modest molecular genetic manipulation, and is based upon highly conserved 12 eukaryotic machinery. Therefore, it may be useful in many other organisms as 13 well. 14 15
The VCI assay has several generally useful features. First, the fusion proteins 16 are expressed from their native promoters, rather than overexpressed, so that 17 natural stoichiometry of interacting proteins can be maintained. Second The need for a vps4 defect in the VCI host strain is a potential limitation of the 8 assay, because it may be difficult to disrupt genomic copies of VPS4 in many 9 organisms. However, Vps4 defects can also be achieved through ectopic 10 inactivation strategies, including RNAi or the use of a dominant negative VPS4 
